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Novel Use Of BH4 

Technical Field of the Invention 

The invention relates to a novel use of Tetrahydrobbpterin (BH4) or derivatives thereof in the treatment 
of COPD. 

Prior Art 

The reduction of endothelium-dependent vasodilatation is mainly induced by a decreased bioavailabil- 
ity of the endothelium-dependent vasodilator nitric oxide (NO) and an increase in tha activity of toxic 
oxygen free radicals such as superoxide anions acting as vasoconstrictors. 

It Is known from prior art that Nitric oxide Synthases (NOS: nNOS (NOS1), iNOS (NOS2) and eNOS 
(N0S3)) produce both NO and superoxide anions. The Icey tn the net outcome of NO production by 
NOS seems to be the presence of Tetrahydrobopterin (BH4). 

BH4 is an essential co-factor of NOS as it influences the rate of NO vs. superoxide production by NOS 
tWemer-Felmayer G et al. (2002) Current Drug Metabolism 3: 1591. In conditions when BH4 is re- 
duced, a NOS produces superoxide anions instead of NO [Vasquez-Vivar et al. (1998) PNAS 95: 
9220]. NO is rapidly deactivated by superoxide anions resulting in the Ibmrt^on of vasotodc peroxyni- 
trite (ONO0> In the presence of the toxic oxide radicals, I.e. superoxide anion and ONOO', BH4 is 
degraded to BH2. BH2 does not act as co>fiactor for NOS and negatively Influences NOS activity 
[Landmesseretal. J Clin Invest (2003) 111: 1201 J. In parallel, ONOO* uncouples NOS so that NOS 
produces superoxide anion Instead of NO, in the endothellunr>, NO plays a central role In vasodilatation 
whereas superoxide leads to vasoconstriction- The degradation of BH4 and the uncoupling of NOS and 
the resulting reduced NO concentration in the endothelium lead to vasoconstriction and finally to hyper- 
tension. 

It is known from prior art that BH4 plays a Icey rote in a number of bfolt^ical pnacesses and pathological 
states associated with neurotransmitter fbnnation, vasoretexation, and immune response [Werner- 
Felmayer G et al. (2002) Current Drug Metabolism 3: 159]. As an example deficient production of BH4 
is associated with "atypicar phenylketonuria (Wemar-Felmayer Q et al. (2002) Current Darg Metabo- 
lism 3: 169] and provides the basis for endothelial dysfunction In atherosclerosis, d^betes, hypercho- 
lesterolaemia and smoking [Tiefenbacheret al. (2000) Circulation 102: 2172, Shinozakf et al (2003) J 
Pharmacol Sci 91: 187, Fukuda et al (2002) Heart 87: 264. Helt^er et al (2000) Circulation 8$: e36]. 

It is also known in the art that BH4 improves endothelial dysfUncb'on and thereby increases the avail- 
ability of NO and decreases the presence of toxrc radicals. BH4 has. a beneficial effect fbr endothelial 
function caused by its cofiaclor role for NOS [Wemer'^Pelmayer G et aL (2002) Current Drug Metabo- 
lism 3:159]. 
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As known from prior art, BH4 and its use as a medicament has been associated with several diseases. 
According to Ueda et al. [Ueda S et al. (2000) J. Am. Coll. Cardiol. 35:711. BH4 can Improve endothe- 
llal-dependent vasodilatation In chronic smoKers. According to Mayer W. et al. [Mayer W. et al. (2000) 
J. Caidtavasa Pharmacol. 35; 1731 coronary flow responses In humans are significantly Improved by 
application of BH4. WO9532203 refers to the use of NOS-lnhlbltory pteridlne derivatives ("anti- 
plerines") for the treatment of diseases caused by Increased NO levels. In particular, in accordance 
with WO9532203. Inhibitory pteridlne derivatives are described for prevention and treatment of patho- 
logical blood pressure decrease, colitis ulcerosa, myocardial Infarction, transplant rejection. Mort>us 
Alzhetmer. epilepsy and migraine. EP0908182 refers to pharmaceutical compositions comprising BH4 
or derivatives thereof for prevention and/or treating of diseases associated with dysfunction of NOS. 
And EP02Q9689 refers to the use of tetrahydroblopterins in the preparatior) of a medicament for the 
treatment of infantile autism. 

The use of BH4 or derivatives thereof for prevention or treatment of COPD Is not known from prior art 
Summary «f the Imfention 

Present Invention refers to the use of BH4 or derivatives thereof for the prevention and/or treatment of 
respiratory diseases. In particular, present invention refers to the use of BH4 or derivatives thereof in 
the prevention and/or treatment of COPD. surprteingiy. it has been found that BH4 or derivatives 
thereof are beneficial in prevention and/or treatment of a perfuslon^entllatton mismatch In respiratory 
feilure and particularly beneficial In the prevention and/or treatment of COPD. 

in a first embodiment there is provided the use of BH4 or derivatives thereof for the manufocture of a . 
medlcamentforthepreventfonand/brtreaimentofrssplratorydlseases. 

m a further embodiment of present invention there is provided the use of BH4 or derivatives thereof for 
the manufacture of a medicament for the prevention and/or treatment of a disease selected from the 
group consisting of COPD, bronchial asthma, pulmonary fibroses, emphysema. Interstitial pulmonary 
disonlers and pneumonias. 

In a forther embodiment of present Invention there Is provided the use of BH4 or derivatives thereof for 
the manufacture of a medicament for the prevention and/br treatment of COPD. 

in a further embodiment of preserit Invention there is prpvided the use of BH4or derivatives thereof for 
the manufacture of a medicament for the prevention and/or treatment of muscular dysfunction In COPD 
patients. 

in a further embodiment of present invention there is provided the use of a pharmaceutical preparation 
comprising BH4 or derivatives thereof for the prevention and/or treatment of COPD. 
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In a further embodiment of present invention there is provided a method for preventing and/or treating 
COPD in a patient In need thereof comprising the step of administering BH4 or derivatives thereof. 

In a further embodiment of present Invention there Is provided a commercial product comprising a cus- 
tomary secondary pacl<aging, a primary packaging comprising a phannaceuticai preparation of BH4 or 
a derivative thereof and, if desired, a paclcage insert the phannaceutical preparation being suitable for 
prevention and/or treatment of COPD in patients in need thereof. 

Defafled Deserlption of the invention 

Subject of present Invention is a nev\^ medicinal use of BH4 or derivatives thereof In the treatment of 
respiratory diseases vrith underlying pulmonary and extra-pulmonary alterations. The invention thus 
relates to the use of Bhi4 or derivatives thereof In the manufacture of a medicament for the prevention 
and/or treatment of respiratory diseases, in particular in the prevention and/or treatment of COPD. 

The term *'BH4* (tetrahydrobiopterin) refers to all natural and unnatural stereoisomeric forms of tetra- 
hydrobiopterin which has the following fbmnula: 



wherein R1 and F2 each represents a hydn^gen atom or, taken together with each other, represent a 
single bond, while R3 represents -GH(OH)GH(Oli)CH3, -CH(OCOCHa)CH(OCOCH8), -CH3, -CH2OH. 
or a phenyl group when R1 and R2 each represents a hydrogen atom, or— COCH(Oli)CI-l3 when R1 
and R2 together represent a single bond, or a pharmaceutically acceptable salt thereof. 

"BI-14 or derivatives thereof that may be usefully employed in present invention include the com- 
pounds as revealed in EP090B1B2 and EP0079574. 

Particular mention js made to the following compounds: 




H 




H 
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[(6R)-L-erythro-S.6.7,8-tetrahydrobiopterin(BH4)], 
(6R,S)-5,6.7,8-tetrahydroboplerin. 




[1*, 2'-dlaoetyl-5,6,7.8-tetrahydrobopterin], 




[Sepiapterin], 




l6-Tn©thyl-6,6.7,8-tBtrahydroboptBrinl. 



H 



[6-hydroxymethyI-5,6.7,8-tetrahydrobopterlnl, 




[8-phenyl-5,6,7,8-tetrahydrobopterinJ, 
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and the pharmaceutically acceptable salts of these compounds. 

Salts encompassed vrtlhin the tenti "pham^aceutically acceptable salts" refer to non-toxic salts of the 
compounds which are generally prepared by reacting a free base with a suitable organic or Inorganic 
acid or by reacting the acid with a suitable organic or Inorganic base. Particular mention may be made 
of flie pharmaceutically acceptable inorganic and organic acids customarily used in pharmacy. Those 
suitable are in particular water-soluble and water-insoluble add addition salts with adds such as, fbr 
example, hydrochloric acid, hydrobromic add, phosphoric acid, nitric add, sulfuric add. acetic add, 
citric acid, D-gluconic add, benzoic add, 2-(4-hydroxyben2oyl)-benzolc add. butyric acid, aulfbsalicyllc 
acid, maleic add, lauric add, malic add, fumaric add, succinic acid, oxalic add, tartaric add, embonic 
add. stearic add, toluenesulfonic add, methanesulfonlc add or 1-hydroxy-2-naphthoic add, the adds 
being employed In salt preparation - depending on whether It is a mono- or polybasic acid and de- 
pending on which salt is desired - In an equimolar quantitative ratio or one differing therefrom. 

As examples of salts with bases are mentioned the lithium, sodium, potassium, calcium, aluminium, 
magnesium, titanium, ammonium, meglumine or guanidlnium salts, here, too, the bases being em- 
ployed in salt preparation in an equimolar quantitative ratio or one differing therefrom. 

It is understood that the active compounds and their pharmaceufically accepteble salts mentioned can 
also be present, for example, In the form of their pharmaceutfcally aooeptable solvate^, in particular in 
the form of their hydrates. 

The term "respiratory diseases^ refers to pulmonary diseases with an underlying partial and global 
respiraloiy failure, Le. with an impairment of oxygen uptake or carbon dioxide release In the lung. 

In the healthy lung of humans both at rest and during exercise there are always areas of good and 
poor or absolutely no ventilation existing simultaneously side by side (ventilation Inhomogeneity). An as 
yet unknown mechanism ensures that there Is lltQe or no perfusion of the capillaries adjacent to ah^eoli 
vrith little or no ventilation. Thte occurs fn order to minimize jnefRcient perfusion of areas of the lung 
which are not Involved In gas exchange. During bodily exercise, the distribution of ventilation changes 
(recmitment of new alveoli) and there Is increased perfusion of the relevant capillary bed. Conversely, 
when Hiere is less ventilation due to physiological or pathdoglcal processes (ainAfay obstruction), the 
capillary flow are reduced through vasoconstriction. This process is referred to as hypoxic vasocon- 
striction (Euier-Llljestrand mechanism). 

When this adaptation mechanism of ventilation and perfusion is Impaired ("mismatch"), there may, 
despite adequate ventilation and normal perfusion of the lungs, be a more or less pronounced collapse 
of the gas exchange function, which can be compensated only Inadequately despite $ further Increase 
In venHlation or perfusion. Under these conditions Qiere are regions which are not ventilated but are 
well perfused (shunting) and those which are well ventilated but not perfused (dead space ventilation). 
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The consequences of this -ventilation/perfusion mismatch" are hypoxemia (deterioration in gas ex- 
change with decrease in the oxygen content of the patient's Irtood). wasted perfusion (uneconom,caI 
peton of unventilated areas) and vested ventilation (uneconomical venfilation of pooriy perfused 



areas). 



The cause of "partial and global respiratory failure- is Inadequate adaptation of the intrapulmonary per- 
iston conditions to the Inhomogeneous pattern of the distribution of ventilation. The resulting mis- 
match derives from the effect of vasoactive (inflammatory) mediators >Artiich prevail over the physiologl- 
cal adaptation mechanism. This effect Is particularly evident during exercise and when the oxygen 
demand Increased and it is manifested by dyspnoea (hypoxia) and limitation of body performance. 

"Partial respiratory failure" according to the invention relates to a f^l in the O, partial pressu.^ In the 
blood as a manifestation of the afbrementioned Impairment of oxygen uptake or carbon dioxide re- 

lease. 

According to this invention, -fllbbal respiratory failure- relates to a fall in the O, partial pressure In the 
biood and a rise in the CO, partial pressure in the blood as a manifestation of the afbrementoned im- 
painnent of oxygen uptake or carbon dioxide release. 

.npatents With inflammatory and degenerative lung disorders such as. fcrexample^^^^ 
pulmonary disease (COPD). bmnchial asthma, pulmonary fibroses, emphysema, inter^hal pulmonary 
disorders and pneumonias there Is observed to be partial or global respiratory f.,lurB. Thus, according 
to this invention, the tem,'patlentin need thereof refers toapatlentaufteringf^^^ 
following cnnlcal conditions: COPD, bronchial asthma, pulmonary fibroses, emphysema. Intershtal 
pulmonary disorders or pneumonias. 

TTte tern. "COPD" is the abbreviation for chronic obstructive pulmonary disease. Patients suffering from 
COPD ara characterized by pulmonary alterations as well as extra-pulmonary alterations such as \mr 
itad body perfem^ance. Pulmonary alterations are changes of ainvays obstructed dueto inflamrnaton^ 
^ucushyarsecrefion and Changes Of pulmona^ vessels. The ..suiting limited^ 

respiratory epithelium results in impaired oxygenation. In addition, pulmonary Wood crculabon is Im- 
palLdueto vascular remodeling isantosset a.. B.rResprrJ2002 19: 632-31 and due toav^^^^^ 

Son/perfUsion mismatch deriving itom the efffectof vasoactive (inflame 
the phystologlcal adaptation mechanism and in partfrom structural changes of the lung capillaries 
whid. develop during the disease progression. This effect is particulariy evidentduring exercise and 
When the oxygen demand Is increased and it is manifested by dyspnoea (hypoxia) and limltabon of 
body perfbrmanoe. 

,t has now been found, surprisingly, that BH4 is sultablelbr the treatment of patients with pa«a, and 
glot«l respiratory failure. According to this imrentfon. In the endothelium, dysregulation of NOS and the 
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Increase of ONOO' concentration both lead to oxidation of BH4 and thus to reduced BH4 concentration 
in the lungs and In skeletal muscle. Reduced BH4 concentrations result In uncoupling of NOS (fNOS 
and eNOS) and in an increase in superoxide concentration and finally in the production of ONOO". An 
Increase In superoxide anion concentration leads to more ONOO' and the resulting Increase in ONOO" 
leads to less BH4 in the lungs and in the skeletal muscle. This circle of superoxide and ONOO' produc- 
tion as weil as BH4 inactivation finally results In endothelial dysfunction and in a ventllatlon/perfusion 
mismatch. The administration of BH4 leads to a re-coupling of NOS (l.e. NOS produce NO instead of 
superoxide anions), to a reduced generation of superoxMe anions and ONOO' and oonsequentrally to 
. an Increase in NO which inter a»a results in vasodilatation. 

The temi "prevention and/or treatment of respiratory diseases- as welt as "prevention and/or treatment 
of partial or global respiratory failure" and therewith the term "prevention and/or treatment of COPD" 
refers to the circumstance that the administration of BH4 leads to dilatation of vessels In the pulmonary 
circulation and. at the same time, to a redistribution of the blood flow within the lung In favor of the well- 
ventilated areas. This principle, referred to hereinafter as rematching, leads to an improvement in the 
gas exchange function both at rest and during physical exercise in the lungs In patients suffering from 
partial or global respiratory failure, such as COPD patients. Rematching does not only result In an Im- 
proved gas exchange in the lungs but also In improved gas exchange in skeletal musdes and therefore 
in an Improvement of physical perfomnance. The term "praventlon and/or treatment of muscular dys- 
function In COPD patients" exactly refers to this positive outcome of the administration of BH4 In COPD 
patients. 

. BH4 or derivatives thereof can be administered by any appropriate route known to the person skflfed in 
the art. The formulations Include those suitable for oral, parenteral (including subcutaneous, intrader- 
mal, Intramuscular, intravenous and Intraarticular), intranasal, inhalation (including fine partlcae dusts or 
mists which may be generated by means of various types of metered dose pressurized aerosols, nebu- 
Ifsera or Insufflators), rectal and topical (Including dermal, buccal, sublingual and Intraocular admlnlstra- 
tk>n) although the most suitable route may depend upon fbr example the conditton and disorder of the 
recipient 

The therapeutic agent of the present Invention can be administered by a variety of methods known fn 
the art although for many therapeutic applications, the preferred route of administration is the oral 
route. Another preferred route of administration Is by way of Inhalation of BH4 or derivatives thereof. 

In case of phanmaceutical compositions, which are intended for oral administration, the therapeutic 
agent Is formulated to give medicaments according to processes known per se and familiar to the per- 
son skilled in tiie art The tiierapeutfc agent Is employed as medicament preferably In combination with 
suitable pharmaceutical carrier, In tiie form of teblets, coated tablete, capsules, emulsions, suspen- 
sions, syrups or solutions, the therapeutic agent conte.ntadvantegeously being between 0.1 and 95% 
by weight and, by ttie appropriate-choice of flie canler, It being possible to achieve a pharmaceutical 
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administration form precisely tailored to tlie therapeutic agent(s) and/or to the desired onset of actton 
(e.g. a sustained-release form or an enteric form). 

The person sidlied In flie art Is femlller on the basis of his/her expert Iwiowiedge which qarrlers or ex- 
ciplents are suitable for the desired pharmaceutical fbrmulallons. In addlfion to solvents, gel-fomiing 
agents, tablet exdplents and other active compound carriers, it is possible to use. for example, anfloxl- 
dants, dispereants, emulsifiers, antifoams, flavor oorrlgente. preservatives, solubilizers. colorants or 
penneaUon promoters and comple}dng agents (e.g. eyelodextrins). 

Formulations for Inhalation include powder compositions, which will preferably contain lactose, and 
spray compositions which may be formulated, for example, as aqueous solutions or suspensions or as 
aerosols delivered from pressurized packs, with the use of a suitable propellant, e. g. 1. 1, 1, 2- 
terafluorethane, 1. 1, 1, 2, 3, 3. 3-heptafluoropropane, carbon dioxide or other suitable gas. A class of 
propeilants, which are believed to have minimal ozone-depleting effects In comparison to conventional 
chlorofluorocarbons comprise hydrofluorocarbons and a number of medicinal aerosol fbnnulabons 
using such propellant systems are disclosed In. for example. EP 0372777. W091/0401 1 , W091/1 1 173. 
W091/11495, W091/14422, W093/11743, and EP 0553298. These applications ara all concemed wKh 
the preparation of pressurized aerosols for the administration of medicaments and seek to overcome 
problems associated with the use of this new class of propeilants, in particular the problems of stability 
associated with the pharmaceutical formulations prepared. The applications propose, for example, the 
addition of one or more of excipients such as polar cosolvents (e.g. alcohols such as ethanol). alkanes, 
dimethyl ether, surf&dants (Including fluorfnated and non-fUiorinated surf&ctants. carboxyllc acids such 
as dele add. polyethoxylates etc.) or bulking agents such as a sugar (see for example WO02/30394). 
For suspension aerosols, the active Ingredients should be micronlsed so as to permit Inhalation of sub- 
stantially aU of the aeBve Ingredients Into the lungs upon administration of the aerosol formulation, thus 
the active ingredients will have a partlde size of less than 100 microns, desirably less than 20 microns, 
end preferably in the range 1 to 10 microns, for example, 1 to 5 microns. 

It is clear to the person skilled In the art that the therapeutic agent Is dosed In an order of magnitude 
customary for the person In need of the treatment, the admlnistrab'on route, the symptoms to be treated 
and the patienTs condition, although the final deolsfon shouW be made by an attendant physician. 

In case of oral admWstration of a BH4 preparation, It has proven advantageous to administer 1 to 3 
tablets of the preparation per day whereby one tablet contains 10 to 500 mg of BH4 or derivatives 
thereof. Prefferably, the preparations according to the invention are administered per application in such 
an amount that the amount of BH4 or derivatives thereof is between 0,5 and 50 mg per kilogram of 
body weight per day. As a rule in tine long term treatment of chronic respiratory disorders, such as 
COPD, BH4 or derivatives thereof may be administered 1 to 3 times In a dosage of 10-100 mg over a 
period of several years. In the treatment of acute episodes of chronic dfeordere It may be possible to 
increase the dosage up to SOOmg. 
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Continuous treatment of chronic disorders may also be possible by administer flH4 or derivatives 
thereof by inhalation or by intravenous or subcutaneous route administration. 

In the case of Inhalative administration of BH4 or derivatives thereof, the therapeutic agent is fomfiu- 
lated in a torn known to the person slcllled in the art and dosed In an order of magnitude customary for 
person in need of the treatment It has been proven advantageous to administer 6H4 or derivatives 
thereof by Inhalation In the following application schenoe: Preferably. 10 to 1000 mg BH4 are dissolved 
in sterile water containing 1 % ascort>ic acid. The solut'on is administered using an Inhalation device 1 
to 3 times per day in such an amount that the final amount of BH4 Is between 0,5 and 60 mg per Mlo- 
gram of body weight per day. It has been proven advantageous to continuously administer BIH4 by 
inhalation 1 to 3 times in a dosage of 10 to 500 mg. In the treatment of acute episodes of chronic dis- 
orders it may be possible to increase the dosage in accordance vAth the experience of the attending 
physician. 

The "secondary packaging", the ^'primary packaging" comprising the pharmaceutical preparation and 
the patient pack correspond to what the person skilled In the art would regard as standard commercial 
product for pharmaceutical preparations of this type. A suitable "primary packaging" is, fbr example, a 
blister In the case of inhalative administratton, the term "suitable primary packaging" refers to a vial 
including BH4 or derivatives thereof, a vial including the sterile water and a suitable device for inhala- 
tion. A suitable "secondary packaging*' which may be mentioned by way of example Is a folding box. 
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Industrial UUIity 

up to now. only ttatroplumbromid has been launched to market as a bronchodllalor for the treatment of 
the symptoms of COPD. Thus, no curative therapy Is currently available. The beneficial effect of pre- 
sent invention leffers to the use of known compounds. i.e. BH4 or derivatives thereof, with known com- 
pound profiles (known side effects, known absorption. distrftuBon. metabolism, and excretion) as a 
curative therapy for COPD. The treatment of COPD with BH4 or derivatives thereof addresses the 
impaiiad oxygenation in COPD patients due to its rematching effect and the Inflammatoiy component 
of COPD through its recouplfng effect on NOS and thus leads to an improvement In oxygenation and 
an Improvement In physteal peifbnnance of COPD patients. 
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Examplds 
Example 1: 

Production of an lalectable BH4 Preparation 

To make up a homogenous solution 1,5 g BH4 dihydrochlorlde, 1.5 g Ascorbic acid, 0,5 g L-cystein 
hydrochloride and 6.S g mannltol were dissolved Into sterile purifed water to make 100 ml, then steril- 
ized. 1 ml aliquot each was dispensed Into a vial or ampule, lyophilized and sealed. 

Exanrtple2: 

Production of an Injectable BH4 Preparation 

Under anaerobic atmosphere 2,0 g of BH4 dihydrochlorlde was dissolved in sterile delonlzed water to 
make up 100 ml. the sterilized and sealed. 

Example 3: 

• Production of a Tablet Preparation 

Ten parts of ascori^lc acid and 6 parts of L-cysteine hydrochloride were added to 1 part of polyvinylpyr- 
rolidone which was dissolved in sterilized deionised water before to give a homogenous solution. Then, 
10 parts of BH4 dihydrochloride were added to prepare a homogenous solution. This solution vi^s 
mixed with 58 parts of lactose and 15 parts of microcrystalllne cellulose and 1 part of magnesium 
stearate and teibleted. 
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I 

Patent Clalme 

1 . use of BH4 or derivatives thereof tbr the manufechire of e medicament for the pieverition and/or 
treatment of respiratory diseases. 

2 The use of BH4 or derivatives thereof as claimed in daim 1, v^herein the respiratory disease Is 
' selected from the group consisting of COPD. bronchial asthma, pulmonary fibroses, emphysema. 
Interstitial pulmonary disorders and pneumonias. 

3. The use of BH4 or derivatives thereof as claimed In dalm 1 , wherein the respiratory disease is 
COPD. 

4. use of BH4 or derivatives thereof for the manufacture of a medicament for the prevention and/or 
treatmentof muscular dysfunction In COPD patients. 

6. A method for preventing and/or treating COPD in a patient in need thereof comprising the step of 
administering an effective amount of BH4 or derivatives thereof. 

6. Use of a phamiaceutlcel composition comprising BH4 or derivatives thereof for the prevention 
and/or treatment of COPO. 

7 A commercial product comprising: a customary secondary packaging, a primaiy packaging com- 

* prising a pham.aceutioal preparation of BH4 or derivatives thereof and. If desired, a package .n- 
•sert. the phamiaceutical preparation t>eing suitable for prevention and/or treatmentof COPD ,n 

• patients in need thereof. 
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Abstract 

The Invention describes the use of Tetrahydrobiopterin or derivatives tiiereof for the treatment of 
COPD. 
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